Introduction {#Sec1}
============

In addition to establishing the mechanism for electroweak symmetry breaking, one of the primary objectives of experiments at the LHC has been to search for possible physics beyond the Standard Model (SM), such as new particles that might alleviate the naturalness problem and/or be associated with cosmological dark matter. In contrast with the triumphant discovery at the LHC of a particle that resembles the Higgs boson of the SM \[[@CR1], [@CR2]\], and the observation of $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{BR}(B_s \rightarrow \mu ^+\mu ^-)$$\end{document}$ decay at a rate close to the SM prediction \[[@CR3], [@CR4]\], the first run of the LHC has not revealed any convincing evidence for physics beyond the SM. In particular, the LHC searches for jets + $\documentclass[12pt]{minimal}
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                \begin{document}$$H^\pm /H/A$$\end{document}$ \[[@CR7]\] have drawn blanks so far. In parallel, neither direct nor indirect searches for astrophysical dark matter have found any convincing signals \[[@CR8], [@CR9]\], posing questions regarding the implications of those results for supersymmetric models.

We have published previously several analyses of constrained versions of the minimal supersymmetric extension of the Standard Model (MSSM) with universal soft supersymmetry (SUSY)-breaking parameters $\documentclass[12pt]{minimal}
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                \begin{document}$$m_0$$\end{document}$ for scalars and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{1/2}$$\end{document}$ for fermions as well as a trilinear coupling $\documentclass[12pt]{minimal}
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                \begin{document}$$A_0$$\end{document}$ at an input grand unification scale and $\documentclass[12pt]{minimal}
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                \begin{document}$$\tan \beta $$\end{document}$, the ratio of the two vacuum expectation values at the electroweak scale (the CMSSM \[[@CR10]--[@CR20]\]). We have also analyzed its generalisation to include common but non-universal soft supersymmetry-breaking Higgs masses $\documentclass[12pt]{minimal}
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                \begin{document}$$m_H$$\end{document}$ (the NUHM1 \[[@CR20]--[@CR23]\]). We have analyzed these models both before the start-up of the LHC and in the contexts of successive releases of LHC data \[[@CR24]--[@CR33]\].

Prior to the LHC start-up, the discrepancy between the experimental measurement of $\documentclass[12pt]{minimal}
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                \begin{document}$$(g-2)_\mu $$\end{document}$ \[[@CR34], [@CR35]\] and theoretical calculations (see \[[@CR36], [@CR37]\] and references therein), favoured relatively light sparticle masses, but these have not appeared in ATLAS and CMS $\documentclass[12pt]{minimal}
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                \begin{document}$${E\!\!/}_{T}$$\end{document}$ searches, disfavouring small values of the CMSSM or NUHM1 SUSY-breaking mass parameters \[[@CR5]\]. On the other hand, the discovery of a SM-like Higgs boson by ATLAS and CMS \[[@CR1], [@CR2]\] with a mass consistent with the predictions of SUSY models has provided an important indirect constraint on SUSY model parameters such as $\documentclass[12pt]{minimal}
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                \begin{document}$$\tan \beta $$\end{document}$. A significant rôle is also played by the observation by CMS and LHCb of $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{BR}(B_s \rightarrow \mu ^+\mu ^-)$$\end{document}$ decay \[[@CR3], [@CR4]\], which imposes a complementary constraint on the CMSSM and NUHM1 parameter spaces. Our most recent analyses \[[@CR33]\] of these models were based on the 7-TeV ATLAS 5/fb jets + $\documentclass[12pt]{minimal}
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                \begin{document}$${E\!\!/}_{T}$$\end{document}$ data set \[[@CR38], [@CR39]\]. In this paper we update our analyses to include the 8-TeV ATLAS 20/fb jets + $\documentclass[12pt]{minimal}
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                \begin{document}$${E\!\!/}_{T}$$\end{document}$ data set \[[@CR5]\], providing a complete study of the implications of the LHC Run 1 for the CMSSM and NUHM1 scenarios. On the basis of this study, we also discuss the prospects for discovering sparticles in the LHC Run 2.

As described below, these constraints are analyzed in a frequentist approach using an overhauled version of the MasterCode \[[@CR40]\] framework to calculate the global $\documentclass[12pt]{minimal}
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                \begin{document}$$\chi ^2$$\end{document}$ function. For other recent post-LHC analyses of the CMSSM and NUHM, see \[[@CR41]--[@CR66]\]. In this paper we sample the CMSSM and NUHM1 parameter spaces using the MultiNest tool \[[@CR67], [@CR68]\], which is more efficient than the Markov Chain Monte Carlo technique we used previously. We implement the ATLAS 20/fb jets + $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${E\!\!/}_{T}$$\end{document}$ constraint using scaling laws to extrapolate the sensitivity to regions of the parameter space where documentation is not available \[[@CR33]\]. In our implementation of the $\documentclass[12pt]{minimal}
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                \begin{document}$$M_h$$\end{document}$ constraint we use a new version of FeynHiggs, 2.10.0 \[[@CR69]\], which incorporates a resummation of leading and subleading logarithmic corrections from the top/stop sector to provide improved results for larger stop masses. Since in the SUSY models we study $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{BR}(B_d \rightarrow \mu ^+\mu ^-)$$\end{document}$ are expected to have the same ratio as in the SM, we combine these constraints by assuming this SM ratio and incorporating the experimental correlations between $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{BR}(B_d \rightarrow \mu ^+\mu ^-)$$\end{document}$ reported by the LHCb and CMS Collaborations \[[@CR3], [@CR4]\]. Recent cosmological observations, including those by the Planck satellite \[[@CR70]\], have refined the estimate of the cold dark matter density, but this does not have a relevant impact on our study. Concerning direct searches for dark matter, the only constraint we apply is that from LUX \[[@CR9]\] on spin-independent dark matter scattering, which we incorporate taking due account of the uncertainties in the hadronic scattering matrix element, as discussed later.
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                \begin{document}$$\chi ^2$$\end{document}$ function varies relatively little across most of the regions of the $\documentclass[12pt]{minimal}
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                \begin{document}$$(m_0, m_{1/2})$$\end{document}$ planes that are allowed by the $\documentclass[12pt]{minimal}
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                \begin{document}$${E\!\!/}_{T}$$\end{document}$, Higgs and dark matter density constraints on the CMSSM and NUHM1 parameter spaces, with a global minimum at large $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{1/2}$$\end{document}$, which is similar to the $\documentclass[12pt]{minimal}
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                \begin{document}$$\Omega _\chi h^2$$\end{document}$ into the range favoured by Planck and other measurements \[[@CR70]\], namely coannihilation with the lighter stau $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{\tau }_1$$\end{document}$ and other sleptons, coannihilation with the lighter stop $\documentclass[12pt]{minimal}
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                \begin{document}$$H, A$$\end{document}$ in the direct channel and annihilation in the focus-point region where the lightest neutralino $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{\chi }^0_{1}$$\end{document}$ has an enhanced Higgsino component. In the following, we comment on the respective rôles of these mechanisms.[1](#Fn1){ref-type="fn"} Within the range of the CMSSM parameter space examined in this paper, the $\documentclass[12pt]{minimal}
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                \begin{document}$$m_0$$\end{document}$. In the case of the NUHM1, more annihilation mechanisms may come into play, and we find no upper bound on either $\documentclass[12pt]{minimal}
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One of our key findings is that the LHC measurement of $\documentclass[12pt]{minimal}
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                \begin{document}$$M_h$$\end{document}$ is not in tension with other constraints on the CMSSM and NUHM1 parameter spaces except for $\documentclass[12pt]{minimal}
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                \begin{document}$$(g-2)_\mu $$\end{document}$. The $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M_h$$\end{document}$ constraint does not impact them as strongly as had previously been thought \[[@CR62], [@CR63]\], since the improved prediction incorporated in FeynHiggs 2.10.0 \[[@CR69]\] yields in general a higher value of $\documentclass[12pt]{minimal}
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu > 0$$\end{document}$ ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$< 0$$\end{document}$) has $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tan \beta \sim 51 (36)$$\end{document}$, and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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                \begin{document}$$\mu > 0$$\end{document}$. All these points have relatively large values of $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{1/2}$$\end{document}$, but the likelihood functions of these models are quite flat, and each of the models also has a local minimum of the likelihood function at low mass, with smaller $\documentclass[12pt]{minimal}
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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                \begin{document}$${\tilde{t}_1}$$\end{document}$ may be significantly lighter than the other strongly interacting sparticles.

The structure of this paper is as follows. In Sect. [2](#Sec2){ref-type="sec"} we discuss the updated MasterCode framework and the more important changes in our implementations of the experimental constraints. There are no significant changes in the ways we treat the constraints not discussed explicitly. In Sect. [3](#Sec9){ref-type="sec"} we describe the results of our fits within the CMSSM and NUHM1. Finally, in Sect. [4](#Sec23){ref-type="sec"} we summarise our conclusions and discuss the prospects for future studies of these and other SUSY models, in particular during the LHC Run 2.

Implementations of the principal experimental constraints {#Sec2}
=========================================================

The Mastercode framework {#Sec3}
------------------------

As described in our previous papers \[[@CR24]--[@CR33]\], the MasterCode \[[@CR40]\] is a framework that incorporates a code for the electroweak observables based on \[[@CR71], [@CR72]\][2](#Fn2){ref-type="fn"} as well as the SoftSUSY 3.3.9 \[[@CR74]\], FeynHiggs 2.10.0 \[[@CR69], [@CR75]--[@CR79]\], SuFla \[[@CR80], [@CR81]\], SuperIso 3.3 \[[@CR82]--[@CR84]\], MicrOMEGAs 3.2 \[[@CR85]--[@CR87]\] and SSARD \[[@CR88]\] codes, which are interfaced using the SUSY Les Houches Accord \[[@CR89], [@CR90]\]. The MasterCode is used to construct a global likelihood function that includes contributions from electroweak precision observables, flavour measurements, the cosmological dark matter density and direct searches for dark matter, as well as the LHC Higgs-mass measurement and $\documentclass[12pt]{minimal}
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Implementation of MultiNest {#Sec4}
---------------------------

There has been a major overhaul of the MasterCode since \[[@CR33]\], with the aim of simplifying its use and facilitating its application to different SUSY models. The most important change in its implementation has been to use the MultiNest algorithm \[[@CR67], [@CR68]\] to sample parameter spaces, instead of the Markov Chain Monte Carlo (MCMC) approach used previously. We find that MultiNest is significantly more efficient for our purposes, and we have extensively checked that results obtained using the new version of the MasterCode agree with those obtained from the previous version when the same input constraints are used.

Although MultiNest, like other sampling techniques such as MCMC, is geared towards Bayesian interpretation approaches, it can be used to sample well multi-dimensional parameter spaces, and thereby estimate efficiently and robustly frequentist confidence intervals. The main requirements for our purposes are that no nodes of high likelihood are missed, and that the regions with low $\documentclass[12pt]{minimal}
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In this analysis we make several changes in our implementations of the constraints, of which the most important are described in the following subsections.
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We do not use other LHC SUSY searches (such as those relying on lepton and/or $\documentclass[12pt]{minimal}
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The Higgs mass constraint {#Sec6}
-------------------------

In view of the relatively large value of the Higgs mass \[[@CR92], [@CR93]\], $\documentclass[12pt]{minimal}
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                \begin{document}$$M_h= 125.7 \pm 0.4 \,\, \mathrm {GeV}$$\end{document}$ (where the quoted uncertainty is purely experimental) and the stronger lower limits on sparticle masses from direct LHC searches \[[@CR5]\] within the CMSSM and NUHM1, the calculation of the Higgs boson masses using FeynHiggs has been improved \[[@CR69]\] to achieve a higher accuracy for large stop-mass scales. The calculations implemented in FeynHiggs 2.8.7, which we used previously[4](#Fn4){ref-type="fn"} included the full one-loop contributions and the leading and subleading two-loop corrections. The calculations included in the new version FeynHiggs 2.10.0 used here \[[@CR69]\] include a resummation to all orders of the leading and next-to-leading logarithms of the type $\documentclass[12pt]{minimal}
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A numerical analysis in the CMSSM including leading three-loop corrections to $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M_h$$\end{document}$ using the code H3m \[[@CR96]--[@CR98]\]) was presented in \[[@CR99]\]. It was shown that the leading three-loop terms can have a strong impact on the interpretation of the measured Higgs-mass value in the CMSSM. Here, with the new version of FeynHiggs, we go beyond this analysis by including (formally) subleading three-loop corrections as well as a resummation to all orders of the logarithmic contributions to $\documentclass[12pt]{minimal}
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The new version of FeynHiggs also includes an updated estimate of the theoretical uncertainty, $\documentclass[12pt]{minimal}
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta M_h|_\mathrm{FH} = 1.5 \,\, \mathrm {GeV}$$\end{document}$ in our evaluation of ([1](#Equ1){ref-type=""}), pending a more complete evaluation of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta M_h|_\mathrm{FH}$$\end{document}$ in a future version of FeynHiggs.

We do not include in our analysis the current measurements of Higgs production strengths. The measurements in individual channels currently have accuracies measured in the tens of %, whereas the best-fit models we discuss later make predictions that differ from the SM predictions by only a few %, typically considerably less than the current theoretical uncertainties. For this reason, at the present stage the Higgs measurements do not have important impact on the specific models studied models studied in this paper, though they may be relevant now for other models and in the future also for the CMSSM and related models as the precisions of the Higgs measurements improve.
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-------------------------------------------------------------------------------------------------------------------------------

To date, the most precise measurements of $\documentclass[12pt]{minimal}
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The four constraints are then combined into a single weighted mean (hereafter denoted $\documentclass[12pt]{minimal}
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The CMS Collaboration has provided an estimate of $\documentclass[12pt]{minimal}
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The dark matter constraints {#Sec8}
---------------------------

There are two important dark matter constraints on the CMSSM and NUHM1 parameter spaces. One is the cosmological dark matter density $\documentclass[12pt]{minimal}
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These matrix elements are all directly proportional to $\documentclass[12pt]{minimal}
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Results {#Sec9}
=======

CMSSM fits {#Sec10}
----------

We now present the results of our new CMSSM fit using the above new inputs, considering first the case of $\documentclass[12pt]{minimal}
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In each of the parameter planes in Fig. [3](#Fig3){ref-type="fig"}, the best-fit point is indicated by a green star, the $\documentclass[12pt]{minimal}
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We compare in Fig. [4](#Fig4){ref-type="fig"} the results of the current analysis (solid lines and filled stars) with the results that were shown in \[[@CR33]\] using the previous data set and the previous implementations of the constraints (dashed lines and open stars). As already mentioned, the strengthened ATLAS $\documentclass[12pt]{minimal}
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The last column in Table [1](#Tab1){ref-type="table"} lists the amounts of fine-tuning of SUSY parameters required at each of the best-fit points, as calculated using the measure suggested in \[[@CR127], [@CR128]\]. The CMSSM and NUHM1 low-mass best-fit points do not require significantly more fine-tuning than those found in our previous analysis \[[@CR33]\], whereas the high-mass points do. However, we caution against using this as a strong argument in favour of the low-mass points, in view of the subjective nature of the fine-tuning measure and the ambibuities in its interpretation.Table 2Summary of the contributions of the most relevant observables to the global $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\chi ^2$$\end{document}$ function at the best-fit high- and low-mass points in the CMSSM (with both signs of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu $$\end{document}$) and NUHM1 (with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu > 0$$\end{document}$), including the recently updated observables ATLAS 20/fb jets + $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${E\!\!/}_{T}$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{BR}(B_{s, d} \rightarrow \mu ^+\mu ^-)$$\end{document}$ and the LUX upper limit on dark matter scattering. As noted in parentheses, within the SM, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta \chi ^2 \sim 1.5$$\end{document}$ is found in \[[@CR73]\] due to the (small) tension between the measured value of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M_h$$\end{document}$ and the precision electroweak dataObservable$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta \chi ^2$$\end{document}$ CMSSM $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu > 0$$\end{document}$ (high)$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta \chi ^2$$\end{document}$ CMSSM $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu > 0$$\end{document}$ (low)$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta \chi ^2$$\end{document}$ CMSSM $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu < 0$$\end{document}$ (high)$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta \chi ^2$$\end{document}$ CMSSM $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu < 0$$\end{document}$ (low)$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta \chi ^2$$\end{document}$ NUHM1 $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu > 0$$\end{document}$ (high)$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta \chi ^2$$\end{document}$ NUHM1 $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu > 0$$\end{document}$ (low)$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta \chi ^2$$\end{document}$ Standard modelGlobal35.135.836.638.932.733.336.5BR$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$_\mathrm{b \rightarrow s \gamma }^\mathrm{exp/SM}$$\end{document}$0.521.580.370.000.540.020.57BR$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$_\mathrm{B \rightarrow \tau \nu }^\mathrm{exp/SM}$$\end{document}$1.771.631.631.611.651.661.60$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\epsilon _K$$\end{document}$1.941.881.941.871.941.941.96$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ a_{\mu }^\mathrm{exp} - a_{\mu }^\mathrm{SM}$$\end{document}$10.719.3411.4212.6510.509.6311.19$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M_W$$\end{document}$1.350.222.150.040.000.111.38$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M_h$$\end{document}$0.000.040.030.530.000.22(1.5)$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ R_\ell $$\end{document}$1.101.041.101.001.071.001.09$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ A_\mathrm{fb}({b})$$\end{document}$6.566.796.057.615.456.936.58$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ A_\ell (\mathrm{SLD})$$\end{document}$3.593.403.992.814.593.303.55$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\sigma _\mathrm{had}^0$$\end{document}$2.522.552.562.512.592.562.54LUX0.030.070.660.070.000.07--ATLAS 20/fb0.042.520.023.350.021.15--$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$B_{s,d} \rightarrow \mu ^+ \mu ^-$$\end{document}$0.510.460.130.110.220.350.15

Table [2](#Tab2){ref-type="table"} gives more details of the contributions to the global $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\chi ^2$$\end{document}$ function from different observables in the CMSSM at the high- and low-mass best-fit points, compared with our implementation of the SM. At both the high- and the low-mass points, the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M_h$$\end{document}$ measurement makes a small contribution to the global $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\chi ^2$$\end{document}$ function. We see that the low-mass point has less tension with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$(g-2)_\mu $$\end{document}$, and it is favoured by both $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M_W$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{BR}(B_{s,d}\rightarrow \mu ^+\mu ^-)$$\end{document}$, in particular, whereas the high-mass point is preferred by $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{BR}(b\rightarrow s\gamma )$$\end{document}$ and ATLAS 20/fb jets + $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${E\!\!/}_{T}$$\end{document}$, in particular. The "SM" fit is noticeably worse for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$(g-2)_\mu $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M_W$$\end{document}$.

### One-dimensional likelihood functions for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu > 0$$\end{document}$ {#Sec13}

We now present the one-dimensional $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\chi ^2$$\end{document}$ likelihood functions for various particle masses and other observables when $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu > 0$$\end{document}$, which are shown as continuous lines in Fig. [5](#Fig5){ref-type="fig"} (the dotted lines are discussed below). The upper left panel displays the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\chi ^2$$\end{document}$ function for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\tilde{g}}$$\end{document}$. We see that it falls essentially monotonically for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\tilde{g}}\gtrsim 1000 \,\, \mathrm {GeV}$$\end{document}$, a feature that masks the structures seen in the upper left panel of Fig. [3](#Fig3){ref-type="fig"}. The one-dimensional projection merges the low-mass 'island' and the high-mass 'continent' that are separated in the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$(m_0, m_{1/2})$$\end{document}$ plane of the CMSSM. It is to be expected that the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\chi ^2$$\end{document}$ function continues close to zero also at larger values of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\tilde{g}}$$\end{document}$.Fig. 5The one-dimensional $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\chi ^2$$\end{document}$ likelihood functions in the CMSSM for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu > 0$$\end{document}$ for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\tilde{g}}$$\end{document}$ (*upper left*), $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\tilde{q}_R}$$\end{document}$ (*upper right*), $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\tilde{t}_1}$$\end{document}$ (*lower left*) and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\tilde{\tau }_1}$$\end{document}$ (*lower right*). In each panel, the *solid line* is derived from a global analysis of the present data, and the *dotted line* is obtained from a reanalysis of the data used in \[[@CR33]\], using the implementations of the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M_h$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\sigma ^\mathrm{SI}_p$$\end{document}$ constraints discussed in Sect. [2](#Sec2){ref-type="sec"}Fig. 6The one-dimensional $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\chi ^2$$\end{document}$ likelihood functions in the CMSSM for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu > 0$$\end{document}$ for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M_h$$\end{document}$ (*left*) and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M_A$$\end{document}$ (*right*). In each panel, the *solid line* is derived from a global analysis of the present data, and the *dotted line* is derived from a reanalysis of the data used in \[[@CR33]\], using the implementations of the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M_h$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\sigma ^\mathrm{SI}_p$$\end{document}$ constraints discussed in Sect. [2](#Sec2){ref-type="sec"}

The $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\chi ^2$$\end{document}$ function for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\tilde{q}_R}$$\end{document}$ seen in the upper right panel of Fig. [5](#Fig5){ref-type="fig"} exhibits more structure, with a local minimum at $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\tilde{q}_R}\sim 2200 \,\, \mathrm {GeV}$$\end{document}$, a local maximum at $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\tilde{q}_R}\sim 3000 \,\, \mathrm {GeV}$$\end{document}$, and then an essentially monotonic fall at larger $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\tilde{q}_R}$$\end{document}$. The appearance of the local minimum can be understood by remembering that $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\tilde{q}_R}^2 \sim m_0^2 + 5 m_{1/2}^2$$\end{document}$, so that the value of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\tilde{q}_R}$$\end{document}$ is fixed along elliptical contours in the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$(m_0, m_{1/2})$$\end{document}$ plane. The local minimum in the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\chi ^2$$\end{document}$ function for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\tilde{q}_R}$$\end{document}$ corresponds to an ellipse passing through the red 'island' in the upper left panel of Fig. [3](#Fig3){ref-type="fig"}, and the local maximum corresponds to an ellipse passing between the 'island' and the 'continent'. However, we should emphasise that neither the local minimum nor the local maximum is very significant, since they have $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta \chi ^2 \sim 1, 4$$\end{document}$ relative to the minimum value of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\chi ^2$$\end{document}$.

Similar features are seen in the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\chi ^2$$\end{document}$ function for the mass of the lighter stop squark, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\tilde{t}_1}$$\end{document}$, as seen in the lower left panel of Fig. [5](#Fig5){ref-type="fig"}. However, in this case the local minimum appears at a lower mass $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\tilde{t}_1}\sim 1000 \,\, \mathrm {GeV}$$\end{document}$, and the local maximum is also at a lower mass $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\tilde{t}_1}\sim 2000 \,\, \mathrm {GeV}$$\end{document}$, reflecting the fact that the isomass contours for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\tilde{t}_1}$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\tilde{q}_R}$$\end{document}$ are different. As in many other models, we find that the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\tilde{t}_1}$$\end{document}$ is likely to be considerably lighter than the other strongly interacting sparticles. This is due to a large mixing in the scalar top sector, driven by the relatively large value of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M_h$$\end{document}$.

Similar local structures can also be seen in the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\chi ^2$$\end{document}$ function for the lighter stau, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\tilde{\tau }_1}$$\end{document}$, as seen in the lower right panel of Fig. [5](#Fig5){ref-type="fig"}. In this case, the local minimum is at $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\tilde{\tau }_1}\sim 450 \,\, \mathrm {GeV}$$\end{document}$, nearly degenerate with the lightest neutralino, and placing the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\tilde{\tau }_1}$$\end{document}$ and other sleptons beyond the reach of an $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$e^+ e^-$$\end{document}$ collider with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$E_\mathrm{CM} \lesssim 900 \,\, \mathrm {GeV}$$\end{document}$. We also find that $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta \chi ^2 > 9$$\end{document}$ for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\tilde{\tau }_1}< 300 \,\, \mathrm {GeV}$$\end{document}$. We also see a second local minimum of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\chi ^2$$\end{document}$ at $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\tilde{\tau }_1}\sim 1000 \,\, \mathrm {GeV}$$\end{document}$, which arises from the lobe at $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$(m_0, m_{1/2}) \sim (1500, 2200)$$\end{document}$ in the upper left panel of Fig. [3](#Fig3){ref-type="fig"}. However, we emphasise that these observations are very model-dependent.
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### Comparisons between analyses {#Sec14}
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We now turn our attention to the NUHM1, concentrating on the case $\documentclass[12pt]{minimal}
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### NUHM1 parameter planes {#Sec20}

Figure [12](#Fig12){ref-type="fig"} displays our selection of NUHM1 parameter planes, with the same conventions for solid/dashed lines as in Fig. [3](#Fig3){ref-type="fig"}. We see in the upper left panel that the likelihood function is relatively flat for $\documentclass[12pt]{minimal}
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The differences in Fig. [12](#Fig12){ref-type="fig"} between the results of the current analysis (solid lines and filled stars) with our current implementations of the data constraints used in \[[@CR33]\] are relatively minor. On the other hand, looking back at the right panel of Fig. [4](#Fig4){ref-type="fig"} where our current NUHM1 results are compared with those shown previously in \[[@CR33]\], cf, the dashed lines and open star, we see that both the 68 % and the 95 % CL regions now extend to much larger $\documentclass[12pt]{minimal}
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One-dimensional likelihood functions in the NUHM1 {#Sec22}
-------------------------------------------------
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Finally we show some in Fig. [16](#Fig16){ref-type="fig"} a comparison of the one-dimensional likelihoods for the mass of the lightest chargino $\documentclass[12pt]{minimal}
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Summary and prospects {#Sec23}
=====================

We have presented in this paper analyses of the CMSSM with both signs of $\documentclass[12pt]{minimal}
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It is a general feature of our analysis that we find larger values of $\documentclass[12pt]{minimal}
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The 95 % CL lower limits on sparticle masses found in our CMSSM and NUHM1 analysis are displayed in Table [3](#Tab3){ref-type="table"}. We see that gluino masses above $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\sim 1300 \,\, \mathrm {GeV}$$\end{document}$ are preferred in the models analyzed. The right-handed squark mass is restricted to even higher values, because of the preferred values of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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Estimates of the discovery reach of the LHC at 14 TeV have been provided in \[[@CR126]\]. With 300/fb of luminosity, the 5-$\documentclass[12pt]{minimal}
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We conclude that large parts of the preferred parameter regions of the CMSSM and NUHM1 are accessible in future runs of the LHC, although the strongly interacting sparticle masses might be so high as to escape the searches at the LHC. That said, we re-emphasise that all the likelihood estimates made in this paper and the estimates of the LHC physics reach are specific to the models studied, and are quite model dependent. The approach we have followed here for constructing the global likelihood function can easily be extended to other models, a subject to which we will turn in future work.

Special relations between sparticle masses are required to achieve the correct relic density, and relaxing this requirement to use the relic density only as an upper limit would not greatly affect our results.

In this analysis we use the estimate $\documentclass[12pt]{minimal}
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This version was an extension of the publicly available FeynHiggs 2.8.6, which differed in the conversion of the trilinear coupling $\documentclass[12pt]{minimal}
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The results from the ATLAS \[[@CR100]\], CDF \[[@CR101]\] and DØ \[[@CR102]\] Collaborations are not considered in our study, as they have significantly less precision than the results of CMS and LHCb.

The numerical value in ([6](#Equ6){ref-type=""}) is obtained taking into account the latest SM inputs from Ref. \[[@CR103]--[@CR105]\].

We estimate this as in \[[@CR33]\], i.e., by using MasterCode to calculate the $\documentclass[12pt]{minimal}
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We discuss later the best-fit points for the CMSSM with $\documentclass[12pt]{minimal}
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The fact that the light CMSSM Higgs boson should be SM-like was already a *pre*-LHC prediction of the model \[[@CR122], [@CR123]\].
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